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1. INTRODUCTION /5766 
P r o g r e s s  w a s  made d u r i n g  t h e  month o f  J anua ry  on t h e  e l e c t r o l y t e  

s t o r a g e  experiments .  These experiments  a r e  b e i n g  m a d e  t o  t e s t  t h e  

f e a s i b i l i t y  o f  e l e c t r o l y t e  s t o r a g e  i n  t h e  r e g i o n  behind the  e l e c t r o d e s .  

I f  t h i s  can b e  accomplished s a t i s f a c t o r i l y ,  then r e g e n e r a t i v e  f u e l  

c e l l s  w i t h  iiluch h i g h e r  energy t o  weight  r a t i o s  than p r e v i o u s l y  p o s s i b l e  

can be developed.  Experiments t o  d a t e  i n d i c a t e  t h a t  under c o n d i t i o n s  

o f  moderate cha rg ing  and d i s c h a r g i n g  c u r r e n t  d e n s i t i e s  thc methoci i s  

f e a s i b l e .  

A d d i t i o n a l  s t u d i e s  o f  the e f f e c t  o f  KOH e l e c t r o l y t e  c o n c e n t r a t i o n  

on c e l l  performance have been made .  The r e c e n t  r e s u l t s  confirm some 

a s p e c t s  o f  e a r l i e r  s t u d i e s  and a r e  more complete.  

. Experiments have been des igned ,  and t h e  a p p a r a t u s  i s  now be ing  

b u i l t ,  f o r  t he  purpose o f  measuring g a s  d i f f u s i o n  rdtes  through the  

e l e c t r o l y t e - a s b e s t o s  l a y e r .  Charge r e t e n t i o n  o f  a hydrogen-oxygen 

f u e l  c e l l  i s  d i r e c t l y  determined by  these  d i f f u s i o n  r a t e s .  4 d-tcfgd 
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2.  ELECTROLYTE CONCENTRATION DEPENDENCE 

Numerous a t t e m p t s  t o  d u p l i c a t e  o u r  o r i g i n a l  r e s u l t s  on t h e  e f f e c t  of 

KOII e l e c t r o l y t e  dependence on c e l l  p o l a r i z a t i o n  have been  made. (EOS 

Repor t  3310 Q-1). Some f e a t u r e s  o f  t h a t  work have  been v e r i f i e d ,  bu t  t h e  
1 O.., c e l l  p o l s r i z a t i o n  a t  !:Lgh c u r r e n t  d e n s i t i e s  ~ 5 t h  l!R 1:OII so? i i t l~ i i s  have 

not  been observed s i n c e  t h e  o r i g i n a l  work. The r e c e n t  exper iments  have been  

made wi th  a c e l l  c o n t a i n i n g  r e f e r e n c e  e l e c t r o d e s ,  whereas t h e  former exper iments  

were n o t .  

F i g .  1 shows t h e  r e s u l t s  o f  one such s e r i e s  o f  measurements of  e l e c t r o d e  

p o l a r i z a t i o n s  f o r  l W a ,  35%, and 555: KOH. T h e  p o l a r i z a t i o n s  a r e  g e n e r a l l y  

cnmnr.,l,q+ h;nhni -  t h m n  ~ v c ~ t o l  A x * -  5:: m r r r t  t n  -1.- F n m t  t L n t  t l , ,  ~ l ~ - t w ~ l . . t -  L - A  " .,...-...IYC ..'D'.LL -..-.. UUUUL , V U G  P U L L  L" b '&L  LCLCL LI.UL L L L L  C L L L C L V L J L C  'lUU 

no t  been t r e a t e d  wi th  Ba(OH)2, and i n  p a r t  because  t h e  e l e c t r o d c s  had been 

used  i n  many p r e v i o u s  experiments.  It w i l l  be  noted t h a t  t h e  shape o f  t h e  

oxygen e l e c t r o d e  p o l a r i z a t i o n  curve a t  55% KOH, (and t h e r e f o r e  t h e  shape of  

t h e  t o t a l  c e l l  p o l a r i z a t i o n  curve s i n c e  t h e  hydrogen curve  i s  approximate ly  

l i n e a r ) ,  is  v e r y  s i m i l a r  t o  t h e  c e l l  p o l a r i z a t i o n  curve  r e p o r t e d  p r e v i o u s l y .  

These r e s u l t s  are u s u a l l y ,  b u t  n o t  always,  found. With 1077 KOH s o l u t i o n  on 

e i t h e r  charge o r  d i s c h a r g e  the  p o l a r i z a t i o n s  are  i n v a r i a b l y  q u i t e  h i g h ,  i n  

s h a r p  c o n t r a s t  t o  t h e  e a r l i e r  r e s u l t s .  

The importance o f  s t u d i e s  concerning t h e  e f f e c t  o f  e l e c t r o l y t e  concen- 

t r a t i o n  on ce l l  performance l i e s  i n  t h e  fact  t h a t  a r e c h a r g e a b l e  hydrogcn- 

oxygen f u e l  c e l l  m u s t  o p e r a t e  over a wide c o n c e n t r a t i o n  range.  Plore e l e c t r o -  

l y t e  can be s t o r e d  i n  a g iven  volume i f  the  c o n c e n t r a t i o n  i s  lower,  and t h e  

f r a c t i o n  of  e l e c t r o l y t e  which i s  u s a b l e  water  i s  g r e a t e r ,  b u t  o t h e r  c o n s i d e r -  

a t i o n s ,  such a s  cell performance, may d i c t a t e  h i g h e r  i n i t i a l  c o n c e n t r a t i o n s .  
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3 .  ELECTROLYTE STORAGE EWERIKENTS 

Some r e s u l t s  oT t h e  e l e c t r o l y t e  s t o r a g e  exper iments  a r e  shown i n  F i g .  

2 .  The c e l l  used i n  t h e s e  experiments  was des igned  t o  t e s t  t h e  F e a s i b i l i t y  

o f  e l e c t r o l y t e  s t o r a g e  behind t h e  e l e c t r o d e s ,  and vas d e s c r i b e d  i n  a p r e v i o u s  

r e p o r t  (EOS Repor t  3310 4 - 2 ) .  Lf t h e  met!iod is  proven i e a s i b l e ,  h i g h e r  e l e c -  

t r o l y t e  s t o r a g e  can b e  a t t a i n e d  wi thout  any l o s s  i n  c e l l  performance, s i n c e  t h e  

e l e c t r o d e  spac ing  i s  n o t  i nc reased .  

/ 

The cu rves  o f  F i g .  2 are  desc r ibed  i n  Tab le  I .  I t  w i l l  b e  noted  i n  curve  

C t h a t  cha rg ing  w a s  begun when the  c e l l  w a s  no t  comple te ly  d i scha rged .  I n  

t h i s  c a s e  cha rg ing  was f i r s t  done a long  curve  A ,  t h e n  t h e  c e l l  was d i scha rged  

a s  f a r  as it  would go,  and t h e n  charg ing  was done a l o n g  curve C t o  b r i n g  it  

back t o  a f u l l y  charged cond i t ion .  

TABLE I 

D e s c r i p t i o n  o f  Curves f o r  F i g .  2 

Curve 

A 

13 

C 

D *  

E 
F % 

G 

Cliarge o r  Discharge 

Charge 
I 1  

11 

Discharge  
I t  

11 

1 1  

Temp. 

Room Temp. 
I t  

I 1  

7 O0C 

C 11 r r e n t  Dens i t y 
25 m a / c m  2 

20 

25 ' I  

20 I t  

20 

40 I t  

40 

* Modi€ied sc reens  behind t h e  e l e c t r o d e s  

The second t i m e  t h e  c e l l  was charged t h e  p o l a r i z a t i o n  w a s  much lower.  T h i s  

may be  a n  i n d i c a t i o n  t h a t  changes i n  t h e  m a t r i x  occur  du r ing  t h e  i n i t i a l  charge  

and d i s c h a r g e  which inprove  i t s  a b i l i t y  t o  t r a n s p o r t  e l e c t r o l y t e  i n  and ou t  o f  

t h e  e l e c t r o d e  r eg ion .  

Expe r incn t s  were a l s o  conducted t o  t e s t  t h e  f e a s i b i l i t y  of  p i c k i n g  up c l e c -  

t r o l y t e  from t h e  back s u r f a c e  o f  t h e  e l e c t r o d e s .  F i v e  h o l e s ,  each abou t  3/16 

inch  i n  d i a m e t e r ,  were c u t  i n  the n i c k e l  s c r e e n s  behind t h e  e l e c t r o d e s  and f i l l e d  

w i t h  a s b e s t o s .  The r e s u l t s  a r e  shown i n  cu rves  D and F.  I t  w i l l  b e  noted t h a t  

D i s  a rea l  improvement ovc r  E and a l s o  t h a t  curve  F (a  room tempera tu re  e x p e r i -  

ment) ,  was s l i g h t l y  b e t t e r  t han  G ( a  7OoC exper iment ) .  T h e  l a t t e r  two d i s c h a r g e  

cu rves  v:cre r u n  wi thou t  i n t e r r u p t i o n ,  w h i l e  t h e  o t h e r  two d i s c h a r g e  cu rves  had 

3310-PIL- 5 4 
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two b r e a k s  each,  when t h e  c e l l s  s a t  ove rn igh t .  

cause  of t h e  l eng th  o f  t ime involved i n  d i s c h a r g i n g  a t  20 rr.a/cm . 
p l a c e  on curve D and on curve E it w i l l  be  noted t h a t  t h e  c e l l  v o l t a g e  had 

begun t o  drop .  

had t h e  c e l l s  no t  been allowed t o  r e c u p e r a t e  on those  two runs .  

T h i s  was necessa ry  be- 
2 A t  one 

The d i scha rge  capac i ty  would liave been n o t i c e a b l y  s h o r t e r  

The p r e s s u r e  du r ing  discl iarge vas 90 ;>sic.  i n  a l l  c a s e s ,  b u t  t h e  cha rg ing  

w a s  done t o  tiie a t imspherc  and was c o n t i n u ~ r ? ~  i n  a11 cases .  I n  charg ing  the 

c e l l s  t o  t h e  atmosphere t h e r e  was no p o s s i b i l i t y  t h a t  g a s  r e c o d i n a t i o n  would 

occur ,  and a knowledge of t h e  exac t  s t a t e  of  charge was t ! ie re fore  p o s s i b l e .  

The r e s u l t s  of t h e  experiments  t o  d a t e  show u n e q u i v i c a l l y  t h a t  t h e  c l e c t r o -  

l y t e  s t o r e d  i n  t h e  r e g i o n  bchind t h e  e l e c t r o d e s  i s  a v a i l a b l e ,  a t  l e a s t  t o  some 

e x t e n t ,  f o r  use  i n  t h e  c e l l .  The t o t a l  weight of 35% KOB s o l u t i o n  in t h e  c e l l s  
was 6 . 2  g-'* VI-- Illt: c-c-1 L V L L I L  aL.,vu.Lb .....f.*. mi- sf e l e c t r o l y t e  stored i n  t h e  c e l l ,  e x c l u s i v e  o f  

tliat be!iind t h c  e l e c t r o d e s ,  is enough f o r  o n l y  about  3 . 4  amp - hours .  By 

m u l t i p l y i n g  amp-hours per gram i n  F ig .  2 by 6.2 it i s  seen  t h a t  a l l  cu rves  ex- 

ceed 3.4 amp - hours .  

33 io - r i~ -  5 6 



4 .  CHARGE RETENTION STUDIES 

S i n c e  charge r e t e n t i o n  i s  determined by t h e  r a t e  o f  g a s  d i f f u s i o n  through 

t h e  e i e c t r o l y t e  bed,  a n  experiment has been  des igned  t o  measure gas  d i f f u s i o n  

ra tes  through t h e  e l e c t r o l y t e  he ld  i n  a n  a s b e s t o s  m a t r i x .  Plethods used p re -  

v i o u s l y  t o  measure g a s  d i f f u s i o n  r a t e s  f o r  na t e r i a l s  such a s  p l a s t i c  f i l m  o r  

membranes are n o t  a p p l i c a b l e  t o  t h e  p r e s e n t  problem s i n c e  e q u a l  t o t a l  p r e s s u r e s  

must b e  main ta ined  a t  bo th  s i d e s  o f  t h e  d i i f u s i o n  b a r r i e r .  

The a p p a r a t u s  is now be ing  b u i l t  f o r  t h e s e  exper iments .  

has been  des igned  s o  t h a t  a p res su re  ba i ance  t o  w i t h i n  about  0.03 p s i  w i i i  be 

mainllained d u r i n g  t h e  c o u r s e  of  a de t e rmina t ion .  

t h e  assumpt ion  t h a t  hydrogen d i f f u s i o n  ra tcs  w i l l  b e  g r e a t e r  t h a n  those  o f  e i t h e r  

oxygen o r  n i t r o g e n .  A d i f f u s i o n  c e l l  w i l l  f i r s t  be set  up w i t h  hydrogen on  one 

s i d e  and n i t r o g e n  on  t h e  o t h e r .  The d i f f e r e n c e  i n  d i f f u s i o n  ra tes  f o r  t h e s e  two 

g a s e s  w i l l  be  measured by n o t i n g  the volume i n c r e a s e  on  t h e  n i t r o g e n  s i d e  as  a 

f u n c t i o n  o f  t ine.  The r ead ing  w i l l  be made i n  a h o r i z o n t a l  c a p i l l a r y  t u b e  con- 

t a i n i n g  mercury f o r  t h e  i n d i c a t i n g  l i q u i d .  The mercury i s  conta ined  i n  a mano- 

meter wi th  a l a r g e  d iameter  v e r t i c a l  a r m  and a sixall d i a m e t e r  ( i n d i c a t i n g )  

h o r i z o n t a l  arm. S ince  t h e s e  measurements w i l l  g i v e  o n l y  t h e  d i f f e r e n c e  i n  d i f f u -  

s i o n  ra tes ,  a t  t h e  conc lus ion  o f  each o f  t h e s e  exper iments  t h e  g a s  i n  t h e  n i t r o g e n  

s i d e  w i l l  be  ana lyzed  f o r  hydrogen by t h e  c u p r i c  o x i d e  o x i d a t i o n  method. 

i s  t h e  r eason  hydrogen vs. oxygen cannot  b e  measured d i r e c t l y .  

ments  of  oxygen vs. n i t r o g e n  w i l l  t hen  b e  made. 

f o r  hydrogen w i l l  have been  determined (and t h e r e c o r e  n i t r o g e n )  t h i s  l a t t e r  cx- 

periment  w i l l  a l s o  y i e l d  t h e  a b s o l u t e  ra te  f o r  oxygen. 

The experiment  

The p r i n c i p l e  i s  based on  

T h i s  

F u r t h e r  e x p e r i -  

S i n c e  t h e  a b s o l u t e  d i f f u s i o n  ra te  

3310-PIL- 5 7 
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5 * FTJTl-RE PUNS 

Dur ing  February  t h e  fo l lowing  p r o j e c t s  w i l l  be completed: 

1. E l e c t r o l y t e  s t o r a g e  e x p e r i n e n t s  

2 .  Charge r e t e n t i o n  s t u d i e s  

3 .  Cycle  e f f i c i e n c y  de te rmina t ions  

4 .  Raney n i c k e l  experiments  

F o r  t h e  e l e c t r o l y t e  s t o r a g e  exper iments ,  more u n i n t e r r u p t e d  d i s c h a r g e  

cu rves  w i l l  be  ob ta ined  and some new e l e c t r o d e  c o n f i ~ i i r a t i o n s  w i l l  b e  

s t u d i e d .  The Raney n i c k e l  experiments  w i l l  be  r u n  t o  d e t e r n i n e  tlie a b i l i t y  

o f  t h i s  material t o  t ake  up hydrogen i n  t h e  manner O F  pa l lad ium.  

6. APPROXIMATE MANHOURS AND DOLLAR E X P E N D I T U R E S  AND COMMITMENTS 
F O R  P E R I O D  OF JANUARY 1963 

MANHOUKS 

J .  Rowle t t e ,  P r o j e c t  Superv isor  

D .  Lee, Chemist 

Bernard W i  l n e r  

DOLLAR EXPENDITURES AND COMMITMENTS : 

8 

160 hour s  

160 hour s  

8 hour s  

$2,328.31 


